Carotid body tumors were found incidentally at necropsy in 15 ranch mink (Mustela vison), mostly royal pastels, kept for studies on slow viral diseases. The mink, five males and ten females, were 77 to 135 months old (mean age 107 months). Loosely or firmly attached at the bifurcation of the common carotid artery, and 1 I larger tumors were smooth-surfaced, discrete, pale brown, globoid masses that varied from 2.5 to 16 mm in diameter. Four tumors of microscopic size occurred in otherwise normal-looking carotid bodies. All were composed of densely packed polygonal cells disposed in sheets and cords or arranged in clusters by a reticulin meshwork rich in blood vessels. Always unilateral, the tumors had not invaded locally or metastasized. As seen in the smallest tumors, the neoplastic cells usually arose centrally in the carotid body and formed an expansive growth that replaced much of the normal parenchyma without necessarily enlarging the organ beyond normal limits. The cause of the tumors was not apparent. All tumor-bearing mink had lived at an elevation of 1,100 meters, and none had suffered from any obvious chronic cardiopulmonary disease.
First described 253 years ago by the Danish anatomist Jacques-Bhigne W i n~l o w ,~~ the carotid body is a chemoreceptor responsive to changes in the PO2, PC02, and pH of systemic arterial blood.22 In a way still poorly understood, this chemosensitivity generates neural impulses that act through reflex pathways in the brain stem to help maintain normal respiration and blood cir~ulation.'~ The carotid body also takes part in certain pathologic processes.6 For example, under conditions of chronic hypoxia, it enlarges as a result of capillary dilatation and parenchymal cell hyperplasia.4J5, 28, 29 To the general pathologist, however, this tiny organ is of concern mainly as the site of an uncommon neoplasm-the carotid body tumor, one of the chemodectomas or extra-adrenal paragangliomas. 19, 50 Although the tumor may invade locally and even metastasize, it usually is benign clinically and histo-10gically.l~~~~ In man (about 950 cases reported), it generally occurs during middle age and occasionally is familia1.23,50 In animals, the tumor is best known for its occurrence in older dogs, notably those of the boxer and Boston terrier breeds.13,27,42 About 50 cases have been reported-far fewer than the number of comparable tumors derived from the aortic bodies, where, by contrast, chemodectomas in man seldom arise.5o Nine or so cases of carotid body tumor have been reported in ~a t t l e .~,~~ It has been seen in two but not in the common laboratory animals or in nonhuman primate^.^^,^^,^^,^^ It has not occurred in any other mammal.
Birds, too, have carotid bodies situated in the thoracic inlet with the ultimobranchial and parathyroid glands instead of at the angles of the jaw.L,2,34 Tumors have not arisen from them.7J8,21,38 Among reptiles, only lizards have small groups of cells, in the adventitia of the carotid arch, that seem homologous with chief cells of the mammalian carotid In amphibians, a cavernous swelling at the cranial end of the common carotid artery, the carotid labyrinth, likewise may be homologous with the mammalian carotid b~d y .~,~~ Neither homologue, however, has been the site of tum o r~.~,~~,~~,~~ Fishes do not have identifiable carotid b~d i e s ,~,~~ but in the Atlantic cod (Gadus morhua), and in a few other species of Gadidae, a tumor likened to that of the carotid body has been described in the pseudobranch (parabranchial body), a chemoreceptive structure derived from the rudimentary first gill.16, 35 Reported here is the occurrence of the carotid body tumor in older ranch mink (Mustela vison).
Materials and Methods
Tumors were found incidentally at necropsy in ranch mink kept, as previously reported,25 for studies on slow viral diseases. After the first three larger tumors were identified as having arisen from the carotid body, the area at each angle of the jaw was examined more thoroughly than usual in most older mink coming to necropsy. This was done by removing the submandibular salivary gland and adjacent cervical muscles from the more deeply situated medial retropharyngeal lymph node. The lymph node and the underlying terminal branches of the common carotid artery were then removed in one piece, stuck flat on cardboard, and fixed in neutral buffered 10% formalin or in Orth's fluid. In the absence of an obvious mass at the bifurcation of the common carotid artery, the carotid body was sought with the aid ofa dissecting microscope. Several transverse blocks of tissue were taken to include the carotid body whether identified or not. Sections for light microscopic examination were prepared by standard methods from these blocks. In this way, the carotid bodies of 58 mink 6 to 1 1 years old were examined for evidence of neoplasia and other changes.
Results

Normal carotid body
The common carotid artery of the mink bifurcates into the external (larger) and internal (smaller) carotid arteries at the level of the cricoid cartilage of the lary n~.~~ The carotid body is firmly or loosely embedded in the connective tissue and fat occupying the fork of the bifurcation. It is a discrete, pale brown, smoothsurfaced, globoid mass sometimes flattened into a biconvex disk but otherwise varying little in form. Usually identified only with the aid of a dissecting microscope, the carotid body in adult mink varies from about 1 mm to nearly 2 mm in diameter. Occasionally, this variation in size occurs between the two carotid bodies of a single mink. Rarely, they cannot be found even after examination of microscopic sections. The highly vascular body is enveloped by a thin fibrous capsule and sometimes is divided into lobules. It has a compact structure with a generally sparse stroma much like the carotid body of the cat (Fig. 1 ).2J2
The polygonal chief or type I cells are loosely assembled into generally small nests by a meshwork of mostly reticulin fibers (Fig. 2 ). By light microscopy, most chief cells have a uniform appearanceostensibly corresponding to the "light cell" ~ariant.~,~O Their small round nuclei are finely stippled with chromatin and sometimes bear a small nucleolus. The cells may have a small amount of finely granular faintly eosinophilic cytoplasm, but more often they are mostly vacuolated ( Fig. 3) . Their margins are generally indistinct and appear frayed. Some cell nests give a positive chromaffin reaction which is seldom as intense as that of cells in the mink's adrenal medulla. Situated tangentially at the periphery of each cell nest are a few sustentacular or type I1 cells. Typically, they have elongated darkstaining nuclei but otherwise are poorly defined by light microscopy. A few mast cells occur often in the stroma of the body and sometimes also in the surrounding connective tissue. (This is one of the few sites where mast cells have been identified, with the azure-eosinate stain, in the many mink examined.)
Although the carotid bifurcation was only occasionally studied in complete serial sections, small isolated clusters of chief cells apparently seldom occur in the adventitia of the regional arteries as they often do in the rabbit,'O dog," and cat.I2 Larger masses of carotid body tissue are not widely dispersed in the upper cervical region as they are in the European otter (Lutra lutra), the only mustelid for which a description of the carotid body was a~ailab1e.I~ 
Carotid body tumor
The tumor was found incidentally at necropsy in 15 mink, five males and ten females, 77 to 135 months old (mean age 107 months) (Table 1) . Most were royal pastel mink, the main color phase represented in the older population studied. The mink died or were killed because of various spontaneous diseases, including prolapsed intervertebral disks, duodenal obstruction by a hair ball, chronic corneal edema, and subacute or chronic renal disease. In addition, 12 mink had other neoplasms, sometimes multiple. Of these, lymphocytic lymphoma was the most common.
Except for the largest, all carotid body tumors were found only after the area at each angle of the jaw was dissected. Five occurred on the right side, ten on the left. All were loosely or firmly attached at the bifurcation of the common carotid artery. None had invaded locally or had metastasized. Presumably none was functional.
The 11 larger tumors were smooth-surfaced, discrete, pale brown, globoid masses that varied from 2.5 to 16 
Lymphocytic lymphoma
Lymphocytic lymphoma affected mink, the carotid body on the side opposite the site of the tumor was 1 to 1.5 mm in diameter and normal microscopically. The four smallest tumors were identified only after examination of microscopic sections. One replaced much of a carotid body, and another occupied a central lobule ( Fig. 6 ). In each instance, the tumor-bearing carotid body was 2 mm in diametertwice the size of the opposite normal one. The other two tumors occurred in seemingly normal carotid bodies (1.5 mm in diameter) like the unaffected ones on the opposite side. One tumor all but replaced the carotid body (Fig. 7) . The other formed a well-demarcated central mass (Fig. 8) .
Although they varied greatly in size, the 15 tumors were monotonously alike microscopically and generally resembled the carotid body of the mink. All were densely cellular and, except for the microscopic ones, were enveloped by a thin rind of collagenous fibers that accounted for their smooth outer surfaces. The bulk of each tumor comprised small uniform-appearing polygonal cells with round or oval nuclei, moderate amounts of finely granular lightly eosinophilic cyto- plasm, and indistinct boundaries (Figs. 9, 10). Varying little in size, the nuclei had a fine chromatin pattern and sometimes a small nucleolus ( Fig. 11) . No doubt these cells were akin to the type I cells of the carotid body. Cells resembling type I1 cells were seldom apparent. In a few tumors, the neoplastic cells were vaguely assembled in clusters. More often, however, they were disposed in sheets and cords that effaced the usually well-defined pattern of cell nests seen in the carotid body. Yet, as demonstrated by silver impregnation, the tumor cells were actually arranged in variably-sized clusters by a reticulin meshwork so characteristic of the paraganglion (Fig. 12) . In all tumors, the supporting reticular stroma was rich in small blood vessels. Such vascularity was especially apparent in several tumors whose vessels were engorged with blood. Some tumor cells abutted on slitlike vascular channels, but a distinct peritheliomatous pattern never formed. Widely scattered in the sparse stroma of several small tumors were deposits of hemosiderin. Mast cells were not identified in any tumor. Mitotic figures occurred in several tumors but were common only in one of moderate size. None of the cells in two small tumors fixed in Orth's fluid gave a positive chromaffin reaction. In carotid bodies bearing microscopic tumors, much normal tissue remained around the usually discrete central mass of neoplastic cells. In several small tu- mors, nests of mostly vacuolated chief cells persisted as crescents or lobules under the capsule (Fig. 13) . The distinction between the more loosely arranged palerstaining normal tissue and the more densely arranged darker-staining neoplastic tissue was especially striking in the four tumors that arose in carotid bodies 1.5 to 2 mm in diameter. In one small tumor, several clusters of cells, larger and more eosinophilic than the other neoplastic cells, had a few well-defined amphophilic hyaline intranuclear inclusions distinctly different from the tiny basophilic nucleoli (Fig. 14) .
Discussion
Because of their location and general microscopic resemblance to the carotid body of mink, all 15 tumors were regarded as having arisen from it. The only other likely site of origin was the parathyroid gland. In the mink, two or more parathyroids are usually situated in the vicinity of each carotid body at times as intimately as in birds and other animals. 1,2,34 However, neither there nor elsewhere in the many mink examined has a parathyroid gland been neoplastic. The presence of at least one parathyroid gland in microscopic sections of some tumors allowed direct comparisons, especially of the stromal features that distinguish the carotid body and its tumor. Remnants of normal carotid body tissue at the peripheries of the smaller tumors left no doubt about their origin.
Even if the carotid body is accepted as the origin of the tumors, their neoplastic nature may be doubted. Because the general architecture of the carotid body tends to be reproduced in its tumor, the distinction between neoplasia and simple hyperplasia of the organ may not be readily apparent, especially when the tumor is well-differentiated. 19,20,5n Indeed, the light microscopic criteria for distinguishing one from the other are not altogether clear.so Their separation would seem most difficult when attempts are made to identify limited or early neoplastic changes in otherwise essentially normal carotid bodies, as in some included in this study. Had the ultrastructure of the tumors been examined, the uncertainty might have been Nevertheless, the proliferative response in the affected carotid bodies of all 15 mink, however limited in some, was considered neoplastic for several reasons. The densely cellular tissue in each tumor had the same microscopic appearance whether it formed the entire tumor, as in the larger ones, or occupied only part of a near-normal-sized carotid body, as in the smallest ones. Such tissue was composed solely or nearly so of cells resembling the type I cell. Moreover, the pattern of distinct cell nests was only imperfectly reproduced in the tumor tissue. Then too, the opposite carotid body in the tumor-bearing mink was normal. This would not be expected if the response in the other carotid body were simply hyperplastic. Although the histologic expression of hyperplasia varies with the species of animal, the proportionate relation of the two types of cells arranged in nests is preserved in some species.28 Such was the microscopic appearance of the slightly enlarged, but otherwise normal, carotid bodies in two mink examined.
In man, carotid body tumors are derived mostly from type I cells of the paraganglion.19,50 Cells resembling type I1 cells may be present, but they are rare. Ostensibly, the tumors in mink had such a cellular origin. Light microscopic appearances of the smallest tumors indicated the neoplastic cells usually arose centrally in the carotid body and formed an expansive growth that replaced the normal parenchyma without necessarily enlarging the organ beyond normal limits. No doubt the smallness of most carotid body tumors in the mink can be accounted for by their occurrence late in life and then by their slow growth.
Although their relative importance is not altogether clear, genetic and environmental factors no doubt have a bearing on the genesis of the carotid body tumor in both man and animal^.^^^^^ In man, the occasional familial occurrence of the tumor, when often bilateral, is thought to have an autosomal dominant mode of t r a n~m i s s i o n .~~~~~ In the dog, the greater prevalence of the tumor in some brachycephalic breeds suggests they are predisposed geneti~ally.~~ Such predisposition may be expressed in the upper respiratory tract by anatomical peculiarities that impede b r e a t h i~~g .~~,~~
The increased frequency of the tumor in persons living at high altitudes45 or suffering from diseases that cause chronic h y p o~i a~,~~ strongly suggests that the attendant hyperplasia of the carotid body precedes neoplasia of it. 29 The same is true in animals. Thus, the severe hyperplastic response in the carotid bodies of 20 cattle living at an altitude of 4,370 meters progressed to neoplastic proliferation in eight, forming only microscopic foci in five but replacing the entire organ in the other three.3
In the mink, the carotid body tumors did not have an obvious genetic basis, nor could they be accounted for by the hyperplasia to neoplasia sequence occurring under conditions of chronic hypoxia. The mink had always lived at an elevation of 1,100 meters, and none had suffered from any chronic cardiopulmonary disease apparent at necropsy. Still, neoplasia of the carotid body, at least in some mink, might have been preceded by hyperplastic changes unrelated to chronic hypoxia. For instance, hyperplasia occurs in the absence of chronic hypoxia in spontaneously hypertensive rat^^^,^^ and in persons suffering from systematic hyperten-Whether hyperplasia brought about in this way ever gives rise to the carotid body tumor, however, is not known. Moreover, whether the systemic arterial pressure of older mink ever becomes persistently elevated above the mean of 153 mm Hg reported for young mink is uncertain.44 Thus, the cause of neoplasia in the carotid body of mink remains unexplained.
The carotid body tumors described herein were the only chemodectomas found in nearly 5,000 ranch mink examined at necropsy during the past 20 years. They represent 1 5 of 250 nonhematopoietichonlymphoreticular neoplasms collected from these mink. The true prevalence of the tumor in them, however, is unknown largely because some small tumors must have been overlooked before the carotid bodies of older mink were scrutinized at necropsy. Even so, the carotid body tumor seems to occur more often in this mustelid (1 5 of 58 examined) than in man and other mammals.
Nine (60%) of the 15 mink with the carotid body tumor also had lymphocytic lymphoma, the most common neoplasm in older ranch mink;25 whereas only 16 (37%) of the other 43 mink examined were so affected. Yet because of the seemingly unusual prevalence of the carotid body tumor, its concurrence with lymphocytic lymphoma probably would be fortuitous. Perhaps this would not be so for its concurrence with the much less common tumors of endocrine glands, which occurred in 4 of the 15 mink with the carotid body tumor and in 6 of the other 43 mink examined. Such an association has been reported in man23,50 and the d~g . *~,~* Indeed, in the amine precursor uptake and decarboxylation concept, the carotid body tumor is usually grouped with neoplasms of the neuroendocrine system, some of which occur together in certain syndromes in man.43 
